Abstract As part of its Single Technology Appraisal process, the National Institute for Health and Care Excellence (NICE) invited the company that manufactures rivaroxaban (Xarelto, Bayer) to submit evidence of the clinical and cost effectiveness of rivaroxaban for the prevention of adverse outcomes in patients after the acute management of acute coronary syndrome (ACS). The School of Health and Related Research Technology Appraisal Group at the University of Sheffield was commissioned to act as the independent Evidence Review Group (ERG). The ERG produced a critical review of the evidence for the clinical and cost effectiveness of the technology, based upon the company's submission to NICE. The evidence was derived mainly from a randomised, double-blind, phase III, placebo-controlled trial of rivaroxaban (either 2.5 or 5 mg twice daily) in patients with recent ACS [unstable angina, non-ST segment elevation myocardial infarction (NSTEMI) or ST segment elevation myocardial infarction (STEMI)]. In addition, all patients received antiplatelet therapy [aspirin alone or aspirin and a thienopyridine either as clopidogrel (approximately 99 %) or ticlopidine (approximately 1 %) according to national or local guidelines]. The higher dose of rivaroxaban (5 mg twice daily) did not form part of the marketing authorisation. A post hoc subgroup analysis of the licensed patients who had ACS with elevated cardiac biomarkers (that is, patients with STEMI and NSTEMI) without prior stroke or transient ischaemic stroke showed that compared with standard care, the addition of rivaroxaban (2.5 mg twice daily) to existing antiplatelet therapy reduced the composite endpoint of cardiovascular mortality, myocardial infarction or stroke, but increased the risk of major bleeding and intracranial haemorrhage. However, there were a number of limitations in the evidence base that warrant caution in its interpretation. In particular, the evidence may be confounded because of the post hoc subgroup analysis, modified intention-to-treat analyses, high dropout rates and missing vital status data. Results from the company's economic evaluation showed that the deterministic incremental cost-effectiveness ratio (ICER) for rivaroxaban in combination with aspirin plus clopidogrel or with aspirin alone compared with aspirin plus clopidogrel or aspirin alone was £6203 per quality-adjusted life-year (QALY) gained. In contrast, the ERG's preferred base case estimate was £5622 per QALY gained. The ICER did not rise above £10,000 per QALY gained in any of the sensitivity analyses undertaken by the ERG, although the inflexibility of the company's economic model precluded the ERG from formally undertaking all desired exploratory analyses. As such, only a crude exploration of the impact of additional bleeding events could be undertaken. The NICE Appraisal Committee concluded that the ICERs presented were all within the range that could be considered cost effective and that the results of the ERG's exploratory sensitivity and scenario analyses suggested that the ICER was unlikely to increase to the extent that it would become unacceptable. The Appraisal Committee therefore concluded that rivaroxaban in combination with aspirin plus clopidogrel, or with aspirin alone, was a cost-effective use of National Health Service (NHS) resources for preventing atherothrombotic events in people with ACS and elevated cardiac biomarkers.
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Introduction
The National Institute for Health and Care Excellence (NICE) is an independent organisation responsible for providing national guidance on promoting good health and preventing and treating ill health in priority areas with significant impact. Health technologies must be shown to be clinically effective and to represent a cost-effective use of National Health Service (NHS) resources in order for NICE to recommend their use within the NHS in England. The NICE Single Technology Appraisal (STA) process usually covers new single health technologies within a single indication, soon after the UK market authorisation [1] . Within the STA process, the company provides NICE with a written submission, alongside a mathematical model that summarises the company's estimates of the clinical and cost effectiveness of the technology. This submission is reviewed by an external organisation independent of NICE [the Evidence Review Group (ERG)], which consults with clinical specialists and produces a report. After consideration of the company's submission, the ERG report and testimony from experts and other stakeholders, the NICE Appraisal Committee formulates preliminary guidance, the Appraisal Consultation Document (ACD), which indicates the initial decision of the Appraisal Committee regarding the recommendation (or not) of the technology. Stakeholders are then invited to comment on the submitted evidence and the ACD, after which a further ACD may be produced or a Final Appraisal Determination (FAD) is issued, which is open to appeal. An ACD is not produced when the technology is recommended within its full marketing authorisation; in this case, a FAD is produced directly. This paper presents a summary of the ERG report [2] for the STA of rivaroxaban for preventing adverse outcomes after acute management of acute coronary syndrome (ACS) and a summary of the subsequent development of the NICE guidance for the use of this drug in England. Full details of all relevant appraisal documents (including the appraisal scope, ERG report, company and consultee submissions, FAD and comments from consultees) can be found on the NICE website [3] .
The Decision Problem
ACS encompasses a range of conditions, including ST segment elevation myocardial infarction (STEMI), non-ST segment elevation myocardial infarction (NSTEMI) and unstable angina (UA), arising from thrombus formation on an atheromatous plaque (an accumulation of fatty deposits within the arteries of the heart) [4] . The classification of ACS is largely based on the characteristics of the presenting electrocardiogram and levels of cardiac biomarkers. The presence of acute chest pain and persistent ST segment elevation often indicates total occlusion of the affected artery, resulting in necrosis of the tissue supplied by that artery, and is classified as STEMI. In contrast, ACS without persistent ST segment elevation is usually classified as either UA or NSTEMI based on the absence or presence of myocardial damage as evidenced by the detection of a rise and/or fall of the blood level of a cardiac biomarker (e.g. troponin).
Although the incidence and prevalence of ACS are difficult to estimate, data from the Hospital Episode Statistics for England [5] and the Patient Episode Database for Wales [6] suggest that there were a total of 81,652 hospital admissions for myocardial infarction (MI) between April 2012 and March 2013 (of these 80,150 were for acute MI and 1502 for subsequent MI) in England and Wales.
Similarly, the Myocardial Ischaemia National Audit Project (MINAP) database [7] [a national clinical audit of all hospitals in England (with the exception of Scarborough Hospital), Wales and Belfast that admit patients with STEMI or NSTEMI] recorded 80,974 hospital admissions with a final diagnosis of MI between April 2012 and March 2013. Of these, 40 % were diagnosed as STEMI (32, 665) and 60 % were diagnosed as NSTEMI (48,309). The average age of patients with STEMI and NSTEMI was 65 and 72 years, respectively. Despite improvements in survival after the first and recurrent acute MI over the last 3 decades, individuals remain at high risk for recurrent events and death. A recent record linkage study [8] of longterm prognosis in England found that 86 % of patients admitted to hospital for acute MI between 2004 and 2010 survived for at least 30 days. However, the 30-day survivors of both first and recurrent acute MI were, respectively, at two and three times higher risk of death from any cause compared with the general population for at least 7 years after the event. For all survivors of a first acute MI, the risk of a second acute MI was highest during the first year, with the cumulative risk increasing more gradually thereafter.
Dual antiplatelet regimens such as aspirin and an adenosine diphosphate (ADP) receptor antagonist are the mainstay of treatment in the pharmacological management of ACS. Initial treatment decisions are primarily guided by the presenting diagnosisdifferentiating STEMI (which requires immediate emergency restoration of blood flow to the occluded artery) from UA/NSTEMI (where a partial thrombotic obstruction leads to impaired blood flow that may require less urgent intervention). The vast majority of patients with confirmed STEMI undergo (primary) percutaneous coronary intervention (PCI) to the occluded artery [7] . Immediately before primary PCI, patients usually receive a loading dose of aspirin and an ADP receptor antagonist (clopidogrel, prasugrel or ticagrelor), followed by maintenance treatment with dual antiplatelet therapy for up to 12 months. Thereafter, aspirin is recommended to be taken indefinitely in people for whom aspirin is suitable [4, [9] [10] [11] [12] . For patients with NSTEMI, treatment options in general, as recommended by NICE Clinical Guideline No. 94 [4] , depend on an individual's risk score of future cardiovascular (CV) events, assessed using an established risk scoring system, such as the Global Registry of Acute Coronary Events (GRACE) classification [13] . In addition to aspirin, patients with a predicted 6-month mortality risk greater than 1.5 % are usually offered a loading dose of clopidogrel, prasugrel or ticagrelor, followed by maintenance treatment for up to 12 months.
Beyond this, aspirin is recommended to be taken indefinitely in all patients for whom aspirin is suitable [4, 9, 10, 12] .
In the UK, the choice of the ADP receptor antagonist (e.g. clopidogrel, prasugrel or ticagrelor) varies on the basis of patient characteristics and nature of illness (STEMI or NSTEMI). In general, treatment decisions are based on a number of factors, such as speed and potency of pharmacodynamic action (ticagrelor and prasugrel are rapidly available within 30 min after ingestion, whereas clopidogrel has a delayed onset of action of several hours), poor antiplatelet response (up to 30 % of patients who receive clopidogrel are low or no responders to its platelet inhibition), potential concerns with compliance to short-acting drugs (ticagrelor is dosed twice a day compared with once a day for clopidogrel and prasugrel), increased bleeding risk (ticagrelor is a reversible non-competitive antagonist of the of the P2Y 12 receptors, whereas prasugrel is associated with an increased risk of major and fatal bleeding and is not recommended in patients aged over 75 years and those weighing under 60 kg), and cost (generic clopidogrel is markedly cheaper than either prasugrel or ticagrelor) [14] . Despite variation in practice among clinicians in the UK, aspirin in combination with ticagrelor or prasugrel is increasingly being used and recommended as first-line treatment in the acute and maintenance phases of ACS [15, 16] .
Rivaroxaban (Xarelto, Bayer) is a highly selective direct factor Xa inhibitor with oral bioavailability and a rapid onset of action. Inhibition of factor Xa interrupts the intrinsic and extrinsic pathway of the blood coagulation cascade, inhibiting both thrombin formation and development of thrombi [17] . It was granted a new European marketing authorisation in May 2013, and was launched in the UK in October 2014. Rivaroxaban is currently licensed in the EU (including the UK) [17] for the prevention of atherothrombotic events in adults after an ACS with elevated cardiac biomarkers (STEMI and NSTEMI) only. The licensed dose is 2.5 mg twice daily. It is usually co-administered with a daily dose of 75-100 mg of aspirin or a daily dose of 75-100 mg of aspirin plus clopidogrel (75 mg daily) or a standard daily dose of ticlopidine (an antiplatelet agent not available in the UK) [18] , and is likely to be initiated in secondary care.
NICE issued a final scope to appraise the clinical and cost effectiveness of rivaroxaban, within its licensed indication, for the prevention of adverse outcomes in patients after the acute management of ACS. The intervention was rivaroxaban [in combination with aspirin or with aspirin and a thienopyridine (clopidogrel)], with two comparators defined as 'clopidogrel with aspirin and aspirin alone for people for whom clopidogrel is considered unsuitable'.
The Independent Evidence Review Group Review
In accordance with the process for STAs, the ERG and NICE had the opportunity to seek clarification on specific points in the company's submission, in response to which the company provided additional information. The ERG also modified the company's decision analytic model to produce an ERG base case and to assess the impact of alternative parameter values and assumptions on the model results. The evidence presented in the company's submission and the ERG's review of that evidence is summarised here.
Clinical Evidence Provided by the Company
The clinical effectiveness evidence in the company's submission was based primarily on data from the Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects With Acute Coronary Syndrome ACS 2-Thrombolysis In Myocardial Infarction 51 (ATLAS-ACS 2-TIMI 51) study [19, 20] . This was an international, multicentre (766 sites in 44 countries, including the UK), randomised, placebo-controlled trial that was designed to evaluate the efficacy and safety of oral rivaroxaban tablets (either 2.5 or 5 mg twice daily) with placebo in 15,526 adults with ACS (STEMI, NSTEMI and UA). The trial [19, 20] consisted of three phases: a 6-day screening phase, a double-blind treatment phase and a follow-up phase. The study began with participants being enrolled into the study within 7 days of being admitted to hospital for an ACS. After stabilisation of the index ACS event (and with completion of any initial management strategies, such as revascularisation), patients were stratified on the basis of whether they were planned to have clopidogrel or ticlopidine in addition to aspirin as standard care [stratum 1: aspirin only (n = 1053); stratum 2: aspirin plus clopidogrel or ticlopidine (n = 14,473)]. All patients who received clopidogrel (approximately 99 %) or ticlopidine (approximately 1 %) followed national or local guidelines (the daily maintenance dose did not exceed 75 mg a day for clopidogrel or 250 mg twice daily for ticlopidine). Patients were randomised ([24 h post hospitalisation) to one of three treatment groups: rivaroxaban 2.5 mg (n = 5174), rivaroxaban 5 mg (n = 5176) or placebo (n = 5176), taken twice daily, with a maximum follow-up of 31 months. The mean duration of treatment with the study drug was 13.1 months. All primary and secondary efficacy endpoint analyses were subject to a hierarchical testing strategy and were conducted according to a modified intention-to-treat (mITT) approach [the primary evaluation strategy-this included all randomised patients (with the exception of those from three sites where trial misconduct was identified) and the endpoints that occurred until 30 days after treatment discontinuation, with censoring of patients thereafter] with sensitivity analyses using variations of the intention-to-treat analysis sets. During the marketing authorisation process, the European Medicines Agency (EMA) requested that a narrower population of patients with ACS be identified from the ATLAS-ACS 2-TIMI 51 trial [19, 20] : those who derived the most favourable benefit from the addition of rivaroxaban to existing antiplatelet therapy. The population identified by the company, and accepted by the EMA, was adult patients who had ACS with elevated cardiac biomarkers, excluding patients with a history of stroke or transient ischaemic attack (TIA). The subsequent marketing authorisation was granted for this subgroup of people, who thereby form the licensed population.
The main findings of the post hoc subgroup analysis in the licensed population (all strata, n = 12,353; 80 % of total population) showed that treatment with rivaroxaban (either 2.5 mg twice daily or 5 mg twice daily) significantly reduced the primary composite efficacy endpoint of CV death, MI or stroke (Table 1 ). There were differences in the statistical significance between the components of the composite efficacy endpoints. Rivaroxaban 2.5 mg twice daily significantly reduced the risk of death from CV causes compared with placebo, but did not reduce the risk of MI. In contrast, rivaroxaban 5 mg twice daily significantly reduced the risk of MI, but did not reduce the risk of CV death. Although neither dose indicated a statistically significant change in the incidence of stroke, both midpoint estimates indicated increased risk. A similar pattern was also observed for the total population of the ATLAS-ACS 2-TIMI 51 trial [19, 20] .
The company did not report any results in relation to treatment compliance or premature discontinuation of study treatments for the licensed population, as data were not available at the time of submission. For the total trial population, among patients who received at least one dose of a study drug, premature discontinuation of treatment occurred in 26.9 % of patients (1376/5115) receiving the 2.5-mg dose of rivaroxaban, 29.4 % (1504/5110) receiving the 5-mg dose of rivaroxaban and 26.4 % (1351/5125) receiving placebo. No statistical comparisons were reported for these differences. The most common reasons for discontinuation of study treatment were adverse events and consent withdrawal. Compared with placebo, rivaroxaban increased the rates of non-coronary artery bypass grafting thrombolysis in myocardial infarction (TIMI) major bleeding in a dose-dependent manner. As such the bleeding rates from the licensed 2.5-mg twice-daily dose were considered more appropriate than a pooled estimate to represent the licensed dose: hazard ratio (HR) 3.44, 95 % confidence interval (CI) 1.97-6.01, p \ 0.001.
Critique of the Clinical Evidence and Interpretation
The systematic review process followed by the company was comprehensive, and the ERG was confident that all relevant studies (published and unpublished) of rivaroxaban for the prevention of adverse outcomes in patients after the acute management of ACS were included. Although the ERG considered the ATLAS-ACS 2-TIMI 51 trial to be a well-designed, multicentre, randomised, controlled trial of reasonable methodological quality, there were a number of limitations and uncertainties in the evidence base that warranted caution in its interpretation.
Strength of Post Hoc Analysis The main clinical effectiveness data for rivaroxaban were based on post hoc subgroup analyses of participants from the ATLAS-ACS 2-TIMI 51 trial that had a recent ACS with elevated cardiac biomarkers, but without prior stroke or TIA (the licensed population). The study was not powered for this post hoc subgroup analysis, and the effect of initial randomisation may have been lost. In addition to the known limitations of post hoc subgroup analyses [21] , Sun et al. [22] also suggest that the credibility of subgroup effects, even when claims are strong, is usually low. However, this post hoc subgroup analysis was carried out at the request of the EMA to identify a narrower population of patients with ACS who may have a more favourable benefit-risk balance obtained from treatment with rivaroxaban in addition to dual antiplatelet therapy. Moreover, the terminology 'elevated cardiac biomarkers' is less sensitive than if a patient exhibits a rise and/or fall in their cardiac biomarkers (preferably troponins) as many patients have persistently raised biomarkers outside the context of ACS [23] . In current practice, the diagnosis of NSTEMI requires evidence of myocardial ischaemia combined with a rise and/or fall in the blood level of a cardiac biomarker. In addition, the sensitivity of biomarker assays has increased since the trial was conducted. As a result, if more sensitive assays had been available during the ATLAS-ACS 2-TIMI 51 trial, more patients might have been diagnosed with NSTEMI rather than UA and therefore included in the licensed population.
Duration of Treatment The mean treatment duration with rivaroxaban in the ATLAS-ACS 2-TIMI 51 study was 13.1 months. As a result, data on the efficacy and safety of rivaroxaban 2.5 mg twice daily beyond this time is limited. This is reflected in the summary of product characteristics, [17] which recommends that extension of treatment beyond 12 months should be done on an individual patient basis because experience up to 24 months is limited. However, a more precise continuation rule was not provided by the company.
Robustness of Results The different components for which the 2.5-and 5-mg doses showed statistically Data for strata 1 (aspirin alone) and strata 2 (aspirin plus clopidogrel or ticlopidine) could not be presented as these were considered to be confidential by the company significant reductions have been extensively discussed in a US FDA briefing document [24] (albeit in the whole trial population of ATLAS-ACS 2-TIMI 51 rather than the licensed population). This document concluded that 'the proposition that a lower dose of an antithrombotic drug is significantly more effective than a higher dose lacks biological plausibility'. Similarly, the EMA's assessment report [25] concluded that these findings may partly have been due to chance. As a result, the ERG considered the HRs from the combined dose to be more plausible than those of the individual doses for CV death, MI and stroke. The ERG also considered the validity of the results from the ATLAS-ACS 2-TIMI 51 trial to be questionable as a result of the high discontinuation rates and missing vital status data from the study. Despite the lack of corresponding data for the licensed population, 15.5 % of the total randomised population (2402/15,526) prematurely withdrew from the study (rivaroxaban 2.5 mg twice daily, 15.0 %; rivaroxaban 5 mg twice daily, 16.3 %; placebo, 15.1 %). It has been reported that in general the validity of a study may be compromised for losses between 5 and 20 % [26] . In addition, rates of premature withdrawal in the ATLAS-ACS 2-TIMI 51 trial were considerably higher than other similar randomised ACS trials: apixaban for prevention of acute ischemic events 2 (apixaban), 1.8 % (131/7392) [27] ; rhrombin receptor antagonist for clinical event reduction in acute coronary syndrome (vorapaxar), 5.9 % (761/12,944) [28] ; platelet inhibition and patient outcomes (ticagrelor), 3.0 % (562/18,624) [29] ; and trial to assess improvement in therapeutic outcomes by optimizing platelet inhibition with prasugrel (prasugrel), 5.9 % (804/13,619) [30] . At the end of the ATLAS-ACS 2-TIMI 51 trial, vital status was unknown in 495 of the 15,526 patients (3.2 %). Because of the missing data on vital status, there is a potential risk that informative censoring has occurred [i.e. patients who drop out (and are therefore censored) are more or less likely to experience the primary outcome of interest compared with those remaining in the study], which may be compounded if the reasons for, or frequency of, dropout differs between treatment groups [31] . In this example, the concern is that rivaroxaban causes more bleeding, bleeding could lead to discontinuation, and any subsequent CV events, including fatal events, that are at increased risk because of the history of bleeding as reported in the literature would not be recorded [32] [33] [34] . Whilst no detailed discussion of this issue was provided in the EMA's assessment report, the ERG considered that the efficacy analyses were at risk of bias because prognoses may differ in those patients who withdrew from the trial. The likely magnitude of any bias introduced by informative censoring in the clinical outcomes and in cost-effectiveness analyses was unknown.
Applicability of Trial Results
The population (all randomised patients) in the ATLAS-ACS 2-TIMI 51 study were predominantly men (74.7 %), and the mean age was 61.8 years. However, ACS patients in England are usually older, with a mean age of 65 and 72 years for patients with STEMI and NSTEMI, respectively [7] . In addition, the EMA's assessment report [25] noted that the ACS population in the trial were considered to be at low risk. The trial participants had little co-morbidity, lower than usual use of PCI and included a relatively small proportion of people who were aged over 75 years (n = 1405, 9.0 %) or had impaired renal function with creatinine clearance \50 ml/min (n = 1086, 7.1 %). As a result, the findings from the ATLAS-ACS 2-TIMI 51 trial may not be applicable to an older population or those with a greater incidence of renal impairment and a higher baseline bleeding risk.
Cost-Effectiveness Evidence
The company conducted a systematic review on the cost effectiveness of interventions for the secondary prevention of ACS. As no relevant studies were identified, the company developed a de novo economic model (constructed in Microsoft Excel Ò ) to estimate the cost effectiveness of rivaroxaban plus aspirin, with or without clopidogrel, compared with aspirin, with or without clopidogrel.
The model employed a state transition cohort approach, which consisted of an observation period intended to replicate the duration of the trial data and an extrapolation period. The model had a time horizon of 40 years. In the observation period, the initial two cycles had a cycle length of 4 and 8 weeks, respectively, and the remaining cycles used a cycle length of 12 weeks. The extrapolation period started after 96 weeks (the beginning of the tenth cycle) and had a cycle length of 6 months. Half-cycle correction was performed. The model used an NHS and Personal Social Services perspective and discounted future costs and quality-adjusted life-years (QALYs) at a rate of 3.5 %.
The population modelled was the subgroup of patients in the ATLAS-ACS 2-TIMI 51 trial who were biomarker positive and had not experienced a prior stroke or TIA. The model consisted of a number of health states corresponding to whether no further ACS events occurred, whether the patient suffered a subsequent ACS event or whether a patient died. The subsequent ACS events considered in the model were as follows: MI, ischaemic stroke (IS), haemorrhagic stroke or intracranial haemorrhage (HS/ICH); a bleeding event and revascularisation. These ACS events fell into two broad categories: those with longer term implications for the relative risks of developing further conditions, utility and costs (MI, IS and HS/ICH); and those deemed to be transient events where the impacts were limited to one model cycle (bleeding and revascularisation). The long-term ACS events had two subsequent tunnel states to allow for patients' utility to improve over time and for the cost of treatment and relative risk of suffering from a subsequent event to fall over time. Patients could experience up to three ACS events. The specific ACS events experienced were recorded when patients suffered from two or fewer events; however, when three events occurred, it was assumed that one event of each type (i.e. an MI, an IS and an HS/ICH) had occurred. A one-off cost and utility decrement was applied to patients who entered a transient event state. Transient health states were only applied in the observation period of the model. Patients could die at any time in the model from MI, IS, HS/ICH, other CV or bleeding events and non-CV causes.
Patients were only eligible to receive rivaroxaban in the observation period. The observed continuation rates from the ATLAS-ACS 2-TIMI 51 trial were adjusted downwards using expert opinion to reflect the fact that some patients may stop receiving treatment with rivaroxaban in line with the summary of product characteristics. Discontinuation rates due to subsequent ACS events were derived from the ATLAS-ACS 2-TIMI 51 trial for rivaroxaban and clopidogrel treatments. If the patients did not discontinue treatment because of an ACS event, they continued clopidogrel treatment for 1 year and aspirin treatment indefinitely.
Transition probabilities in the observation period were based on data from the ATLAS-ACS 2-TIMI 51 trial. For long-term ACS events, Weibull curves were fitted to the trial data. This was undertaken independently for both the rivaroxaban 2.5-mg data and for the placebo data. In the observation period, it was possible for patients with no prior long-term ACS events to transition to the multiple long-term ACS event states. For transient ACS events, the total number of events in the observation period was added together, and this was then divided by the total number of patients in the trial. The transition probabilities in the extrapolation period were estimated from the trial data assuming that the underlying rates in the last model time cycle were maintained, but then subjected to changes due to patients' ageing. Further details on how changes due to ageing were applied to the transition probabilities are provided in the ERG report [2] . It was assumed that it was not possible for patients who experienced no further ACS events in the observation period to transition to the multiple long-term ACS event states in the extrapolation period.
If a patient experienced a long-term ACS event, a relative risk was applied to the probability that the patient would experience another ACS event. The relative risk was calculated using data from the ATLAS-ACS 2-TIMI 51 trial on the relative number of ACS events compared with the number of ACS events in the first 6 months and an estimate of a relative risk after 1 year based on Smolina et al. [8] . The relative risk declined over time, so different values were calculated for each of the model tunnel states. Full details on how the relative risks were calculated are given in the ERG report [2] .
The assumed daily costs of treatments were rivaroxaban £2.10, clopidogrel £0.06 and aspirin £0.03. The cost of treating subsequent ACS events (long term and transient) were calculated using the NHS reference costs [35] , and the cost of follow-up was obtained from Heeg et al. [36] . The daily cost of rehabilitation from an ACS event was calculated from the NHS reference costs, and the duration of rehabilitation was based on clinical opinion. If a patient experienced multiple dissimilar events, it was assumed that the cost of both events applied even though the preceding event would already have been costed if it occurred in a different model cycle. If a patient experienced multiple similar events, it was assumed that the cost of only one event applied. The costs, excluding the drug costs, used by the company in their base case are given in Table 2 .
Utility values were obtained from Greenhalgh et al. [37] . To calculate the improvement in utility that the patients could experience in the stroke health states over the initial year, data from Ara and Brazier on the utility of stroke patients in the UK at baseline and 12 months after the stroke occurred were used [37, 38] . Based on these values it was assumed there was a 33 % improvement in a stroke patient's utility over 12 months. The utility of stroke patients 6-12 months after a stroke was assumed to be the average of the value between 0 and 6 months and the value post 12 months. The company provided the incremental cost-effectiveness ratio (ICER) in terms of cost per QALY gained for a base case analysis and for sensitivity analyses (Table 3) .
Critique of the Cost-Effectiveness Evidence and Interpretation
The mathematical model submitted by the company had many limitations, most of which were resolved by the company during the clarification process. Post clarification, the ERG had three key remaining concerns. First, the model structure had the potential to cause inaccuracies as it could not track the time between multiple ACS events. Second, the scenarios surrounding the use of pooled efficacy data, the risk of fatal bleeding events and adjustment for informative censoring were not explored in the company's submission. Finally, the ERG had concerns with the parameterisation of uncertainty in the company's model. The model's lack of ability to track the time between multiple ACS events caused the potential for inaccuracies in three ways. First, for those patients who transitioned into the multiple event states from the single event states, the cost and QALYs decrement associated with the first event was reapplied. Second, patients who suffer from two events in one time cycle were not distinguished from those patients who suffer multiple events in separate time cycles. Finally, for patients who suffer from multiple events in separate time cycles any improvement over time that they may have experienced was ignored. There are two solutions to this problem: a more complicated state transition cohort model could have been developed so that cost and utilities for each multiple event state can vary by the preceding health state and the time between the events, or a patient level simulation approach could have been taken.
In the company's submission, no scenario was presented using the pooled data from the 2.5-and 5-mg rivaroxaban twice daily trial arms. This was of concern to the ERG, as the pooled data were the ERG's preferred clinical evidence for the effectiveness of rivaroxaban plus aspirin with or without clopidogrel compared with aspirin with or without clopidogrel for the secondary prevention of ACS. Additionally, the numbers of fatal bleeding events were included in the number of other CV deaths in the model. As such, only crude scenario analyses around the deaths due to bleeding could be undertaken, as the number of fatal bleeding events in each model time cycle could not be identified. The ERG viewed this information to be important to the decision problem as censored patients may have experienced a bleeding event post censoring.
The ERG had two main concerns with how uncertainty was parameterised in the company's base case probabilistic sensitivity analysis (PSA). First, published standard errors were ignored. Second, the shape and scale parameters used in the Weibull distributions were sampled independently. Uncertainty was parameterised in the company's model using a beta distribution, which was used to create a probabilistic draw of all parameters, except the shape and scale of the Weibull parameters. The beta distribution was used to draw parameter values of ±25 % of the mean value of most of the remaining parameters. The only exception to this was the relative risk of subsequent events after an ACS event, where the beta distribution was used to draw parameter values of ±50 % of the mean value. The ERG believed that this was inappropriate, as there were published uncertainty estimates available for the utilities used in the company's model and the NHS reference costs. The ERG also believed that the shape and scale parameters in the Weibull distributions should have been correlated using an appropriate variance-covariance matrix. The ERG also had concerns about the utility values used in the model for stroke patients, the relative risks applied to patients after a subsequent ACS event, the calculation of life-years gained and informative censoring. There was limited empirical evidence to support the improvement of stroke patient's utility over 12 months compared with the values presented in Greenhalgh et al. [37] . Therefore, the ERG had concerns about including the improvement in stroke patient's utility values in the model. The relative risks for further ACS events used by the company after a patient experienced a subsequent ACS was higher for some ACS events in the long-term tunnel state than the preceding two tunnel states. The ERG believed that this was implausible. The ERG also had concerns about whether the method used to calculate the relative risks was appropriate. In the company's model, the life-years gained matrix was calculated using a cycle length of 13 weeks instead of the actual cycle length of 12 weeks. The ERG believed that scenarios to address informative censoring by increasing the number of non-fatal bleeding events should also have been conducted.
Additional Work Undertaken by the Evidence Review Group
The ERG undertook three main pieces of additional work. First, the PSA was parameterised using the published uncertainty estimates in the cost and utility data. Second, ACS acute coronary syndrome, HS haemorrhagic stroke, ICER incremental cost-effectiveness ratio (in terms of cost per QALY gained), ICH intracranial haemorrhage, IS ischaemic stroke, MI myocardial infarction, QALY quality-adjusted life-year a All costs are valued in 2012/2013 prices the ERG also considered a range of additional scenarios that were potentially relevant to the decision problem, but were not presented by the company. Finally, the ERG conducted a crude sensitivity analysis on the expected number of fatal bleeding events. The ERG updated the company's base case PSA so that the published uncertainty estimates in the utilities and the costs were used. All random samples were taken from normal distributions with utilities constrained to be equal to or less than one. The ERG chose to keep the assumptions and data used in the company's base case so that the ERG's PSA ICER could be compared with the company's base case deterministic ICER. All parameters were assumed to be normally distributed, with the ERG calculating standard errors for each of the NHS reference costs used in the company's model. As the ERG did not have the variancecovariance matrix for the shape and scale parameters for the Weibull curves, correlation could not be enforced and the parameters were left independent.
In addition to the scenario analyses presented by the company (1-4 in the following list), the ERG undertook additional analyses (points 5-10):
1. The transition probabilities could be estimated in the observation period (first ten cycles) using data directly from the ATLAS-ACS 2-TIMI 51 trial. The ERG preferred these data to the Weibull curves, as when the Weibull curves were used, the model over predicted the observed ACS events from the ATLAS-ACS 2-TIMI 51 trial. 2. The licence indication for rivaroxaban is primarily for a duration of 1 year, with use for another year determined on an individual patient basis. The ERG's clinical advisors believed that given the licence, most clinicians would discontinue rivaroxaban treatment after 1 year. 3. The baseline utility of the population in the model was age adjusted using data from Ara and Brazier [38] . The utilities presented in Table 2 were then used as multipliers to the age-adjusted utilities. 4. The initial cost of only one ACS event was applied to the multiple ACS events health states. 5. Utility data published by Greenhalgh et al. [37] , which showed no improvement over time in stroke patients utility, were used. 6. The relative risks were the same as the company's base case unless they were less than one and a half. All relative risks that were less than one and a half were set to one and a half. 7. The life-years-gained matrix as well as the costs were adjusted to reflect that the model time cycle in the observation period (after the first two cycles) was 12 weeks, not 13 weeks.
8. The number of non-fatal bleeding events was multiplied by five in the rivaroxaban model arm. 9. All relative risks for all future ACS events, after a subsequent ACS event, were one in the extrapolation period. 10. The relative risk of all future ACS events following a subsequent ACS event was set to five in the extrapolation period.
As independent Weibull curves were fitted to other CV deaths (which include fatal bleeding events) in the company's model, the ERG could not easily amend the model to assess the sensitivity of the company's base case ICER to the HR for fatal bleeding, which could be biased by informative censoring. Further details are provided in the ERG report [2] . The ERG considered a range of additional fatal bleeding events, ranging from no additional fatal bleeding events (company's base case) to 20 additional bleeding events, which was considered to be an extreme value. For each integer in this range, ICERs were calculated.
Results of the Additional Comparisons
The results of the ERG's revised PSA are given in Table 4 . As the ERG's probabilistic ICER was close in value to the company's deterministic ICER (£6203), it was assumed that subsequent analyses could be undertaken deterministically.
The first four scenarios presented by the company, the six additional scenarios conducted by the ERG and their corresponding results are presented in Table 4 . It can be seen that the ERG's preferred base case ICER is lower than the company's base case ICER at £5622 per QALY gained compared with £6203 per QALY gained. None of the analyses conducted by the ERG increased the ICER to be greater than £10,000 per QALY gained.
The result of the ERG's crude exploratory analysis on the number of fatal bleeding events is presented in Fig. 1 . The results showed that even if rivaroxaban 2.5 mg twice daily caused an additional 20 fatal bleeding events compared with the event rate observed in the trial, the ICER was not estimated to be greater than £10,000 per QALY gained. This suggested that the impact of any informative censoring was not likely to be large.
Conclusions of the Evidence Review Group Report
On the basis of the evidence submitted by the company, the ERG concluded that compared with standard care, the addition of rivaroxaban (2.5 mg twice daily) to existing On the basis of the company's economic evaluation, the base case results for the addition of rivaroxaban (2.5 mg twice daily) to existing antiplatelet therapy would result in an ICER of £6203 per QALY gained. The ERG's base case estimated the ICER to be £5622 per QALY gained. The ERG explored the potential effects of bias due to informative censoring on the ICER and concluded that if the uncertainties in the clinical data were resolved, the ICER was unlikely to be above £10,000 per QALY gained.
Key Methodological Issues
Several important methodological issues were highlighted during the appraisal. First, other dual antiplatelet regimens were absent from the NICE scope, and therefore the relative cost effectiveness of rivaroxaban compared with these interventions could not be estimated. Such interventions included prasugrel and ticagrelor, which are recommended in current NICE guidelines for the acute and maintenance phases of ACS [9, 12] . Second, there were concerns that missing data from people who withdrew or were lost to follow-up from the ATLAS-ACS 2-TIMI 51 trial may result in informative censoring (that is, the patients who drop out, and whose data are therefore censored, have different outcomes to those who remain in the trial) leading to bias. Third, the ERG could not carry out all the exploratory analyses that it deemed potentially relevant, because of the model structure. These included amendment to the HRs for fatal bleeds, using pooled efficacy data rather than the 2.5-mg dose alone, and adjusting for the possibility of informative censoring.
National Institute for Health and Care
Excellence Guidance
In March 2015, on the basis of the evidence available, including verbal testimony from invited clinical experts and patient representatives, the Appraisal Committee produced the following final guidance to the NHS in England (TA335) [39] :
• Rivaroxaban is recommended as an option within its marketing authorisation, in combination with aspirin plus clopidogrel or aspirin alone, for preventing atherothrombotic events in people who have had ACS with elevated cardiac biomarkers.
• Clinicians should carefully assess the person's risk of bleeding before treatment with rivaroxaban is started.
The decision to start treatment should be made after an informed discussion between the clinician and the patient about the benefits and risks of rivaroxaban in combination with aspirin plus clopidogrel or with aspirin alone, compared with aspirin plus clopidogrel or aspirin alone.
• A decision on continuation of treatment should be taken no later than 12 months after starting treatment. Clinicians should regularly reassess the relative benefits and risks of continuing treatment with rivaroxaban and discuss them with the patient.
Consideration of Clinical and Cost-Effectiveness Issues Included in the Final Appraisal Determination
The full list of the issues considered by the Appraisal Committee can be found in the FAD [39] . The key issues are described in the following sections.
Current Clinical Management
The Appraisal Committee considered the current clinical management of ACS in England and noted that there is some uncertainty as to when and how rivaroxaban would be best incorporated into the treatment pathway. Clinical specialists advised the Appraisal Committee that the mean time to start rivaroxaban in ATLAS-ACS 2-TIMI 51 was 4.6 days, but the majority of patients in England are Fig. 1 The impact of additional fatal bleeding events on the ICER for patients receiving rivaroxaban. ICER incremental cost-effectiveness ratio, QALY quality-adjusted life-year discharged from hospital by then. In addition, if rivaroxaban was to be started in secondary care, this could result in patients staying in hospital longer, which would not happen if it was started in primary care. The Committee heard from its general practitioner (GP) members that, after an ACS event, patients would usually be seen by their GP within 1 week of being discharged from hospital. The Committee accepted that the discharge summary that is sent to the patient's GP at the time of discharge would give sufficient information for the GP to start treatment with rivaroxaban. However, the Committee also acknowledged that its introduction might have an effect on the existing pathway.
Uncertainties in the Clinical Evidence
The Appraisal Committee noted that in clinical practice, people with ACS are usually older than those patients who were recruited to the ATLAS-ACS 2-TIMI 51 study. In addition, the trial participants could be considered as a relatively low-risk population because they had little comorbidity, lower than usual use of PCI and included a relatively small proportion of people aged over 75 years or with impaired renal function. Clinical specialists advised the Appraisal Committee that the average age difference between the trial population and patients seen in clinical practice was not likely to be clinically significant and that patients recruited to the ATLAS-ACS 2-TIMI 51 study were similar in terms of baseline characteristics to those recruited to other trials in ACS. The Committee was persuaded that the issue of generalisability was similar across all trials in this condition, and concluded that the results of the ATLAS-ACS 2-TIMI 51 trial were relevant to routine clinical practice. The Appraisal Committee considered the results of the ATLAS-ACS 2-TIMI 51 trial and noted that the company had presented clinical-effectiveness results for the overall trial population and also for a post hoc subgroup analysis of patients with elevated cardiac biomarkers (STEMI and NSTEMI) and no history of a stroke or TIA (80 % of the total trial population). The Appraisal Committee was aware that this post hoc subgroup analysis was carried out at the request of the EMA and provided efficacy results that tended to be more favourable to rivaroxaban than the results from the overall trial population. However, the Appraisal Committee acknowledged that these differences were unlikely to be sufficiently large as to have an impact on the overall decision as to whether rivaroxaban was clinically and cost effective in its licensed indication.
The Appraisal Committee discussed the missing data from people who withdrew or were lost from the ATLAS-ACS 2-TIMI 51 trial and noted the ERG's concerns that missing data may result in informative censoring leading to bias. Whilst extensive efforts had been made by the company to trace trial participants to clarify reasons for withdrawal and to find out if they had died, the Appraisal Committee concluded that the missing data from those who withdrew or were lost from the trial remained of concern, but the magnitude of any bias introduced by informative censoring was unknown.
The Appraisal Committee discussed the concerns about safety and adverse effects associated with rivaroxaban and noted that in the ATLAS-ACS 2-TIMI 51 trial, treatment with rivaroxaban (2.5 mg twice daily) in combination with aspirin plus clopidogrel or aspirin resulted in more noncoronary artery bypass grafting-related major bleeding than aspirin plus clopidogrel or aspirin alone, but also recognised the benefits of rivaroxaban in reducing the risk of MI and CV deaths. The Appraisal Committee concluded that clinicians should carefully assess a person's risk of bleeding before commencing treatment with rivaroxaban and that careful consideration should be given to whether treatment is continued beyond 12 months, because experience of treatment with rivaroxaban up to 24 months is limited.
Uncertainties in the Economic Modelling
The Appraisal Committee noted that there were uncertainties surrounding the ICERs due to the risk of bias in the clinical data resulting from missing data and informative censoring. The Appraisal Committee considered that the ICERs presented were within the range that could be considered cost effective and that the ERG's exploratory analyses suggested that the ICER was unlikely to increase to the extent that it would be considered unacceptable. The Appraisal Committee concluded that rivaroxaban could be considered a cost-effective use of NHS resources.
Conclusion
The evidence suggests that in people who have had an ACS with elevated cardiac biomarkers, rivaroxaban in combination with aspirin plus clopidogrel or aspirin alone is a clinically and cost effective option for reducing atherothrombotic events compared with aspirin plus clopidogrel or aspirin alone. However, an important point highlighted by this STA was that the final scope issued by NICE did not include either prasugrel or ticagrelor as comparators. As such, no comparison on the cost effectiveness of rivaroxaban compared with these interventions could be made. and has not been externally peer reviewed by PharmacoEconomics. All authors have commented on the submitted manuscript and have given their approval for the final version to be published. The views and opinions expressed therein are those of the authors and do not necessarily reflect those of NICE or the Department of Health. Any errors are the responsibility of the authors.
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